Changes in the size of populations of different groups of bacteria composing the normal flora of processed broiler skin were examined after each of five consecutive washings in mixtures of potassium hydroxide (KOH) and lauric acid (LA). Portions of skin from commercially processed broiler carcasses were washed in distilled water (control) or in mixtures of 0.25% KOH-0.5% LA or 0.5% KOH-l% LA by using a stomacher laboratory blender to agitate the skin in the solutions. After each wash, skin was transferred to fresh solutions, and washing was repeated to provide samples washed one to five times in each solution. Bacteria in rinsates of the washed skin were enumerated on plate count (PC) agar,
contamination (16). Despite efforts currently used to reduce contamination of poultry by undesirable microorganisms, poultry products continue to be sources of human foodborne diseases (13, 18, 24) . One reason that contaminated poultry products remain a major food safety concern may be due to the ability of some microbial pathogens to remain attached to poultry skin throughout processing operations (25, 29) .
Fatty acids are naturally occurring microbicides (15, 30) . During in vitro studies and studies performed using chicken skin, alkaline salts of fatty acids (soaps) have exhibited antimicrobial activity against bacteria and yeasts associated with poultry processing (11). Furthermore, washing whole broiler carcasses in mixtures of 1% potassium hydroxide (KOH) and 2% lauric acid (LA) can significantly reduce the number of bacteria recovered from carcasses (12). The microbicidal activity of KOH-LA and other salts of fatty acids is probably due to the ability of these compounds to act as surfactants that aid in the physical removal of microorganisms and in the ability of these compounds to disrupt cellular membranes and cause lysis of microbial cells (17). However, some bacteria are not easily removed tom broiler sLiti. :ind earlier research has clemonstrited that Live poultry entering commercial processing facilities harbor a wide variety of native microflora on the skin, feathers, and feet and in the alimentary tract (7, 18) . Several physical and chemical treatments are employed throughout processing to reduce microbial contamination on carcasses; consequently, a significant portion of the microflora of the broiler carcass is removed during processing. Nonetheless, contamination between carcasses, processing water, processing equipment, and plant personnel may occur during some phases of processing (3, 10) . Chlorine is still the most widely used sanitizer in poultry processing facilities (31), although concerns about the production of carcinogenic compounds from chlorine has lead to the discontinuation of the use of this sanitizer in processing operations in Europe and Canada (27) . Trisodium phosphate and organic acids (e.g., acetic, citric, and lactic) are also used as sanitizers in some commercial facilities to reduce microbial aerobic bacteria and Enterobacteriaceae can be recovered from carcasses after up to 40 consecutive whole-carcass rinses (21). In published studies reporting a total of 32 paired comparisons of the number of bacteria recovered after successive rinsing of the same chicken carcasses, only one report indicated a significant reduction in numbers of bacteria recovered after successive rinsing (14, 20, 22, 23, 26) . Therefore, successive carcass rinses generally recover the same numbers of bacteria as the first. Effective sanitizers used during processing should be able to reduce the number of microorganisms on the skin of broiler carcasses, whether these bacteria have colonized the skin of live broilers or have contaminated the skin of the carcasses during processing. The purpose of the present study was to determine the effect of repeated washing of poultry skin in KOH-LA on the bacterial flora of the skin.
MATERIALS AND METHODS

KOH-LA mixtures.
Mixtures of KOH and LA were prepared on the day of use. A 0.5% (wtivol) KOH solution was prepared by dissolving KOH pellets (Sigma, St. Louis, Mo.) in distilled water. LA (1% [wtivolJ; Sigma) was then added to the KOH solution and dissolved. The 0.5% KOH-l% LA solution was filter sterilized by passage through 0.2-m filters (Nalge Nunc International, Rochester, N.Y.). The 0.25% KOI-I-0.5% LA solution was prepared by combining equal volumes of 0.5% KOH-1% LA and sterile distilled water. Sterile distilled water was also used to wash skin that served as control samples.
Broiler skin samples. Broiler carcasses were taken from the processing line of a local commercial poultry processing facility immediately after a mechanical picker had removed feathers from the scalded carcasses. Picked carcasses were packed in crushed ice and immediately transported to the laboratory. Breast skin was removed from carcasses and cut into 5-g pieces. Skin portions from eight to nine carcasses were pooled, placed in sterile stomacher bags (Seward, Ltd., London, UK), and stored at 4°C until ready for use. All skin samples were used within 5 days after being removed from the carcasses.
Determination of the effect of successive washing in KOH-LA on the bacterial flora of poultry skin. Skin samples were placed in sterile stomacher bags, and 45 ml of wash solutions of sterile distilled water (control), 0.25% KOH-0.5% LA, or 0.5% KOH-1 % LA were added. Bags were placed in a Stomacher 80 (Seward, Ltd.) laboratory blender, and skin was agitated in wash solutions by stomaching at high speed for I mm. Skin samples were washed one to five times in fresh aliquots of one of the wash solutions. After washing, skin was rinsed in 10 ml of Butterfield's phosphate-buffered dilution water (32) by stomaching for I mm on high speed to recover bacteria on the skin. An Autoplate 4000 automated spiral plater (Spiral Biotech, Bethesda, Md.) was used to plate skin rinsates on Difco plate count (PC) agar (Difco, Beeton Dickinson, Sparks, Md.); Staphylococcus (STA) agar, medium 110 (Oxoid, Ltd., Basingstoke, UK); Levine eosin methylene blue (EMB) agar (Remel, Inc., Lenexa, Kans.); lactic acid bacteria (LAB) agar (1); and Perfringens (PER) agar base with egg emulsion and TSC selective supplement (Oxoid, Ltd.). Inoculated PC, STA, and EMB agars were incubated aerobically at 35 to 37°C for 48 h, and inoculated LAB and PER plates were incubated anaerobically in a Coy anaerobic chamber (Coy Laboratory Products, Inc., Grass Lake, Mich.) at 35 to 37°C for 48 h. After incubation, colonies on agar plates were counted using the Q-Count J. Food Prot., Vol. 71, No. 8 colony counting system (Spiral Biotech). Each experiment was repeated five times.
Morphologically distinct colonies from agar plates containing isolates recovered from skin samples washed five times in distilled water or 0.5% KOH-1% LA were selected for identification. Isolates recovered on EMB agar were identified using the Biolog MicroLog Microbial Identification System, release 4.0 (Biolog, Inc., Hayward, Calif.). Isolates from all other media were identified using the MIDI Sherlock Microbial Identification System, version 6.0 (MIDI, Inc., Newark, Del.).
Statistical analysis of data. All statistical analyses were performed with GraphPad InStat, version 3.06, for Windows (GraphPad Software, San Diego, Calif.). One-way analysis of variance with Dunn's multiple comparisons posttest was performed to determine a significant difference in-group means. The MannWhitney test was used to determine significant differences in means when only two values were compared. The P value for all statistical tests was 0.05.
RESULTS AND DISCUSSION
Bacterial flora recovered on PC agar. The ability of multiple washings to decrease the number of bacteria recovered from skin rnsates plated on PC agar was dependent on the solution used to wash the skin (Fig. 1) . Since PC agar is a nonselective medium formulated to enumerate several types of bacteria found in food products (33), bacteria recovered from the skin on this medium were representative of diverse bacterial flora associated with skin of processed broilers. There was no significant difference in the number of bacteria recovered on PC agar from rinsates of skin washed in water one to five times. However, significantly fewer bacteria were recovered from rinsates of skin washed five times in 0.25% KOH-0.5% LA or 0.5% KOH-I % LA than from rinsates of skin washed once in each of these respective solutions. The surface of processed poultry skin is covered by a thin film of fluid composed of serum proteins, amino acids, and other compounds from underlying skin tissue or processing water (29). Bacteria may inhabit the liquid film covering the skin, the surface of the skin, and channels in the skin (19). Lipids secreted by the skin (28) and proteinaceous substances dissolved in the liquid layer that covers the skin (29) may provide protection against antimicrobial agents to microorganisms on the skin.
Alkaline salts of fatty acids are surfactants that possess microbicidal activity that can kill gram-positive and gramnegative bacteria, as well as yeasts, associated with processed poultry (1], 12). During washing, the surfactant activity of KOH-LA may reduce the surface tension on the water layer of the skin and allow the physical removal of lipids and other materials that provide protection to microorganisms on the surface of the skin, as well as the removal of some attached microorganisms. The ability of KOH-LA to act as a surfactant and bactericide was probably responsible for significant reductions in the number of bacteria recovered from skin after multiple washings in 0.25% KOH-0.5% LA or 0.5% KOH-l% LA.
Bacterial flora recovered on STA agar. Microorganisms recovered on STA agar possessed the highest degree of resistance to the antibacterial activity of KOH-LA (Fig.  2 ) compared with other groups of bacteria isolated on selective media. STA agar is a selective medium used to isolate staphylococci from food and the environmental samples (33). There was no significant difference in the number of bacteria recovered from rinsates of skin washed in water or in 0.5% KOH-l% LA for one to five times, but significantly fewer bacteria were recovered from skin washed five times in 0.25% KOH-0.5% LA than from skin washed once in this solution. Nonetheless, washing skin five times in 0.25% KOH-0.5% LA produced only an approximate 1-log decrease in the number of bacteria recovered from the skin, while washing five times in 0.5% KOH-1% LA produced over a 2-log reduction in the number of bacteria recovered from skin. Gram-positive cocci are uniquely adapted to survive and grow on the surface of the skin of live, healthy poultry (29), and colonies of gram-positive cocci become encapsulated in lipids and other materials excreted by the skin of live broilers. Gram-positive cocci also have a relatively high degree of resistance to the antibacterial activity of KOH-LA in vitro and on chicken skin (11); therefore, even multiple washings in KOH-LA may not always produce significant reductions in the populations of these bacteria on broiler skin.
Bacterial flora recovered on EMB agar. Washing skin in water for up to five times also did not significantly reduce the number of bacteria recovered on EMB agar from skin rinsates, but washing the skin in KOH-LA solutions significantly decreased the number of bacteria recovered from the rinsates of skin on EMB agar (Fig. 3) . EMB agar is a selective medium formulated to isolate gram-negative, enteric bacteria from food and the environment (33). There was over a 3-log reduction in the number of bacteria recovered from rinsates of skin washed five times in 0.25% KOH-0.5% LA compared with skin washed once in this mixture. Additionally, significantly fewer bacteria were recovered from skin washed three times in 0.5% KOH-1% LA than from skin washed once in this solution, while no bacteria were recovered on EMB agar from rinsates of skin washed four or five times in this mixture. The skin of live broilers is contaminated by low levels of gram-negative enteric bacteria (2, 18), but after scalding and defeathering (3, 6) . These bacteria replace gram-positive bacteria as the primary microflora of the skin (29). Gram-negative bacteria associated with poultry are also susceptible to the antibacterial activity of KOH-LA (11, 12) ; therefore, the reduction in the size of the population of these bacteria recovered from the skin was also probably due to the bactericidal surfactant activity of these compounds.
Bacterial flora recovered on LAB and PER agars.
In some cases, washing skin in water as well as solutions of KOH-LA produced significant reductions in the numbers of LAB recovered from rinsates of chicken skin (Fig. 4) . LAB agar is a selective medium formulated to isolate LAB from food products (1). Significantly fewer LAB were recovered from rinsates of skin washed three or four times in water than from skin washed once in water. Furthermore, significantly fewer bacteria were recovered from skin washed three or more times in 0.25% KOH-0.5% LA than from skin washed once in this mixture, and no bactea were recovered from skin washed three or more times in mixtures of 0.5% KOH-1 % LA. LAB are primarily found in the crop of broilers (9), and these bacteria can also be isolated from whole-carcass rinsates of defeathered broiler carcasses (5). Like other bacteria that can contaminate carcasses during scalding and defeathering, LAB may inhabit the water layer on the skin. If these gram-positive bacteria are not able to attach to the skin as readily as gram-negative enteric bacteria found in scald and picker water, then washing skin with water alone may cause significant reductions in the number of these bacteria recovered from broiler skin. Removal of LAB from poultry skin may be enhanced by washing with surfactants and by exposure to KOH-LA that has been demonstrated to possess antibacterial activity toward these bacteria (11).
Bacteria found on the skin bacterial flora that were recovered on PER agar were also highly susceptible to the antibacterial activity of KOH-LA (Fig. 5) . PER agar is a selective medium used in the isolation and enumeration of Clostridium perfringens (4). Significantly fewer bacteria were recovered on PER agar from rinsates of skin washed five times in water than from skin washed once in water, and no bacteria were recovered from skin washed five times in 0.25% KOH-0.5% LA or four or more times in mixtures of 0.5% KOH-1 % LA. Clostridia are also frequently found in the intestinal tract of healthy poultry and in scald water of processing facilities (8). Therefore, the skin of processed carcasses may become contaminated by these bacteria as carcasses are passed through scalders and defeathering machines during processing operations. Clostridia are also highly susceptible to the antibacterial activity of alkaline salts of fatty acids (11).
Identity of bacteria recovered from broiler skin.
Bacterial species recovered from skin samples washed in water or KOH-LA are generally associated with the skin, feathers, and/or feces of healthy chickens. Staphylococcus spp. were the major poultry skin isolates recovered on PC and STA agars (Table 1) . Earlier research has documented the resistance of staphylococci to the antibacterial activity of alkaline salts of fatty acids (11). Although washing skin in KOH-LA decreased the types and number of staphylococci recovered from the skin, the presence of staphylococci was probably responsible for the fact that bacteria were recovered on PC agar from skin rinsates after five washings in 0.5% KOH-l% LA. Previous research had demonstrated that other identified isolates such as Escherichia co/i recovered on EMB agar, C. perfringens recovered on PER agar, and Lactobacillus plantarum recovered on LAB agar are susceptible to the antibacterial activity of alkaline salts of fatty acids; therefore, although these bacteria were recovered from skin washed in water, successive washing of the skin in KOH-LA was able to remove these bacteria from the skin samples.
One goal of poultry processing is to reduce contamination of carcasses by pathogenic and spoilage microorganisms. Findings from the present study indicate some microorganisms are continually shed from poultry skin after repeated washings; however, bactericidal surfactants can reduce the size of the bacteria population of processed broiler 
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8. skin. Additional research will be conducted to examine the use of these microbicidal surfactants as sanitizers in poultry processing operations to decrease microbial contamination of processed carcasses, processing water, and processing equipment. 
